Abstract: Based on a literature review concerning methane emissions in Poland, it was stated in 2009 that the National Greenhouse Inventory 2007 [13] was published. It was prepared firstly to meet Poland's obligations resulting from point 3.1 Decision no. 280/2004/WE of the European Parliament and of the Council of 11 February 2004, concerning a mechanism for monitoring community greenhouse gas emissions and for implementing the Kyoto Protocol and secondly, for the United Nations Framework Convention on Climate Change (UNFCCC) and Kyoto Protocol.
INTRODUCTION
Based on statistical analysis conducted at the Central Mining Institute (CMI) in the form of the "Annual Report (for the years 2001-2010) on the State of Basic Natural and Technical Hazards in the Hard Coal Mining Industry" [1] , in the chapter concerning the gas hazard, data concerning hard coal output, absolute methane emissions, methane drainage and methane management from mines in the Upper Silesian Coal Basin in the years 2001-2010 were specified. For each of the analysed years, it was possible to separate output quantities from mines classified as CMM (Coal Mine Methane) mines. On this basis, the number and output of mines defined as CMM mines have been estimated. The Annual Report states that methane and the related explosion hazard is one of the most dangerous phenomena accompanying hard coal production in the Polish mining industry.
Between 2001-2010, exploitation of coal seams in Poland was conducted in mines specified in the Annual Report (for the years 2001-2010) on the state of basic natural and technical hazards in the hard coal mining industry [1] .
Summarising the statistical analysis of the Annual Report [1] (Fig. 1 ) it should be stated that between 2001-2010 the production and number of operating hard coal mines in the Polish hard coal mining industry were subject to a considerable decrease. Coal output of 102.78 million tons was reduced to 76.15 million tons. The exploitation of seams was realised in 43 mines in 2001 but because of closure and the merging of mines, this fell to 29 by 2010. There were 30 CMM mines in 2001 producing coal at the level of 72.37 million tons, which had fallen to 21 mines producing 52.18 million tons of coal by 2010.
Polish hard coal deposits, especially in the central, southern and southwestern part of the Upper Silesian Coal Basin, belong to deposits that have high methane content [1] . The carboniferous deposits are covered by an overburden of non-permeable neogen and quaternary layers of great thickness, which have caused the methane to remain in the coal seams. High methane saturation creates a hazard during the conducting of R. PATYŃSKA 90 mining operations. Methane emissions from Polish hard coal mines concern:
• areas of mined longwalls,
• post-mining gobs,
• drilled development excavations. Despite considerable progress in the recognition and tackling of the methane hazard, its growth in many mining areas of the Upper Silesian Coal Basin in Poland has been observed. This is connected with the increase in depth of the mining operation, exploiting seams with higher methane content and gas deposit pressure.
Exploitation at greater depths in seams highly saturated with methane has caused accumulation of emitted methane in a small number of longwall workings and thus, the growth of their absolute methane emissions.
The statistical analysis or results of mining catastrophes caused by methane or methane and coal dust explosions in the history of the Polish underground mining sector are most tragic, both on account of the number of fatalities and serious accidents, as well as the amount of material damage caused [11] .
Investigations into methane explosions that have occurred have contributed to the development of the methods and means for recognition and prediction of the methane hazard, extension of the control of the methane content in the air of excavations and the development of the means and methods for combating it, including methane drainage. The correct recognition of the methane hazard state and its efficient control has basic significance in conducting safe exploitation [14] . 
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With consideration of the above-mentioned factors, the Central Mining Institute produces a report about the state of the methane hazard in the Polish mining industry.
Using the data presented in the present Annual Report [1] (Table 1) , data related to the output and quantity of emitted methane from individual mines have been specified. The statistical analysis produced in the Annual Report, in the years 2001-2010 in the Polish coal mining industry show that one mine was closed, namely the Niwka-Modrzejów colliery; however, measurements of methane emissions were continued until 2002.
Over time, the efforts regarding methane drainage have brought positive effects.
Every year, the quantity of methane captured by methane drainage systems and the quantity of utilised methane increases.
METHANE EMISSIONS INVENTORY IN MINES IN THE UPPER SILESIAN COAL BASIN IN POLAND -STATE OF THE ART
In Poland in 2009 the National Inventory Report on Greenhouse Gas Emissions and Absorption for 2007 [13] The key proof regarding the fulfilment of obligations in relation to the convention and its protocol is the elaboration of annual greenhouse gas emission and absorption inventory by the parties of the convention. The information contained in the report [13] was prepared in accordance with the updated guidelines (decision 14/CP.11): "Guidelines for the Preparation of National Communications by Parties included in Annex I to the Convention, Part I: UNFCCC Reporting Guidelines on Annual Inventories" (included in the document FCCC/SBSTA/2006/9). The report has also been supplemented by additional information to conform to the requirements of article 7.1 of the Kyoto Protocol and determined recommendations in the decision 15/CMP.1.
The report of the National Emissions Inventory Centre [13] is the equivalent of the English National Inventory Report (NIR) and presents the results of the national inventory of greenhouse gas emissions and absorption in Poland in 2007. The inventory comprised greenhouse gases, including methane -CH 4 .
The current applied methodology for the estimation of greenhouse gas emissions is consistent with the guidelines in force, prepared by the Intergovernmental Panel on Climate Change (IPCC 1997, IPCC 2000) [8] , [9] . Here, national methods of emission estimation consistent with the latest IPCC guidelines (2006) [10] have been used, to reflect the specificity of Polish conditions.
The methodology, emission factors, data about activities and measurements applied in the Polish inventory until 2007 have been described in chapters 3-8 of the Report of the National Emissions Inventory Centre [13] . It is important to mention here that the terms "sector" and "category" (subsector and subcategory) are used interchangeably in the report and refer to the categories of emission sources included in the IPCC guidelines (2000) .
The emission sources in all categories are identified as main emission sources based on their share in national emissions and/or assessment of emission trend in conformity with the methodology of IPCC 2000 [9] . Full tables prepared in conformity with the guidelines [8] , including the assessment of level of emission and assessment of trends were presented in Annex 1 in [13] .
The report of the National Emissions Inventory Centre [13] Using the results of two methodological works by Gawlik et al. [3] and Gawlik and Grzybek [6] national emission factors for the following emission sources in hard coal mines were determined:
• from ventilation systems,
• from methane drainage systems,
• from mined-out coal,
• from post-exploitation (post-extraction) processes.
Also the results from the work (Kwarciński et al., 2005) [12] , were specified in the table PIG, 2008 [17] , in which once again the emission factors have been estimated on the basis of very detailed data and measurements for the year 2003. Furthermore, a thorough analysis of emission factors was carried out, comparing them with the results of previous works. For the needs of the national inventory the emission factors per ton of mined coal were calculated; these values are generally available, for example, from the publication of the State Geological Institute (PIG) [17] .
Following the analysis, the selection of emission factors was carried out for ventilation systems, methane drainage (degasification) systems, post-exploitation (post-extraction) processes, waste from productive and abandoned mines, for individual years in the period 1988-2007, based on the above-mentioned sources [12] , [13] .
To conform with procedure for the solid fuel sector, an analysis of uncertainty of data, in accordance with the international guidelines included in the IPCC [9] , [10] guidelines and determined as method Tier 1, has been carried out. In the national inventory [13] the results of this analysis were summarised; wider information about the accuracy of data and a full uncertainty analysis can be found in the annex to this report.
The uncertainty assessed for individual categories of sources indicates the value of 41.9% for subcategory B.1. solid fuels, in which methane emissions from hard coal systems were also taken into account.
The assessment of methane emission levels indicates that coal mining is in seventh place with respect to the share of total methane emissions in 2007, if sector 5 is not taken into account and in eighth place if it is. In turn, the assessment of the trend for methane emission sources (without consideration of sector 5) indicates that coal mining is in fifth place with its share amounting to 3.495 % and in sixth place with a share amounting to 2.937%, if sector 5 is taken into account [13] .
UPDATING METHODOLOGY OF ESTIMATION OF METHANE EMISSIONS CONNECTED WITH HARD COAL EXPLOITATION IN POLAND -HARD COAL SYSTEM
Mentioned in both the Report of the National Emissions Inventory Centre [13] and in the publication of the State Geological Institute [17] , the method for estimation of methane emissions of the hard coal mines system in Poland is at present recommended and used in order to estimate greenhouse gas emissions.
According to Kwarciński [12] , the methane emission factors used in the national emission inventories for individual sources of the hard coal system, presented in the two methodological works of Gawlik [3] , [6] require verification. The results of the work of Kwarciński from 2005, in which emission factors have once again been estimated based on very detailed data and measurements, refer to the year 2003. In this work, a thorough analysis of emission factors was performed, comparing them with the results of previous works. For the requirements of the national inventory, emission factors per ton of mined-out coal were calculated; these values are available in the publication of the above-mentioned State Geological Institute [17] .
Both the authors of the above-mentioned works and the IPCC [10] recommendations regarding the estimation of methane emissions from the hard coal system, distinguish:
• methane emissions during the coal exploitation process -underground emissions (ventilation emissions, emissions from degasification systems),
• methane emissions in post-exploitation processes -surface emissions. Each of the identified emission sources should be treated independently and therefore, the estimation from each source is performed separately using the formula
where E -emission quantity from the given emission source (m 3 ), Q w -activity of the system (coal output quantity) (t), W -emission factor (m 3 /t of mined out coal). In such a formulation, the emission factor determines the volume of methane liberated into the atmosphere per mass unit (ton) of mined-out coal. Due to the requirements of reporting, the methane volume is converted into a mass (Gg) unit with the application of the coefficient of conversion 0.67 (t/million m 3 ) [8] . The recommendations of the IPCC [10] placed high stress on the improvement of assessment of emission factors. According to the degree of recognition of the methane content of mined coal seams and accessibility of investigation results, the following methods of estimation of methane emissions from hard coal systems are recommended: 1) method of world averages, 2) specific method for the country (coal basin), 3) specific method for individual mines. These methods differ considerably with respect to the accuracy of emission estimation.
The specific method for mines can be used in the case of accessibility to detailed measurement results of the methane content of coal seams and data related to methane emissions from mines.
The ventilation emission factors for individual mines can be calculated based on reports of mine ventilation services, included among other things in the yearly Annual Report [1] . The total emissions in the case of the hard coal mines in Poland constitute the sum of the ventilation emissions and methane capture by degasification systems.
The emissions from methane drainage systems in this method are understood as the difference between the quantity of methane captured by methane drainage systems and the methane used. It is also necessary to present the estimation methodology and to identify this part of the methane emissions which would not occur in the case of a lack of methane drainage.
Admittedly, the IPCC recommendations do not foresee the estimation of methane emissions in postexploitation processes by means of the specific method for mines (because the method of country averages is recommended). However, using data from the Annual Report [1] , the Statistical Yearbook [18] and Environmental Protection [2] , methane emissions from post-extraction processes and surface emissions (from production wastes) in the years 2001-2010 in Poland were determined.
The essential basis of the methodology for estimation of methane emissions from hard coal mines in Poland comprises the study of Kwarciński [12] and the study of the "National Study of Sources and Capture of Greenhouse Gases in Poland", carried out in 1995. In these works, based on data from 1990-1992, the mean methane emission factors for all identified emission sources on the national scale were assessed. These factors constituted the basis of estimations of methane emission from the hard coal system performed for 1988 (base year) and subsequent years and in detail for the year 2003.
The inventory methodology of methane emissions from the hard coal system has been widely described in the methodological works [3] - [7] . The methodology applied in Poland presented in the above-mentioned elaborations in conformity with IPCC recommendations can be considered as the emission estimation method specific for the country.
According to Kwarciński [12] , the course of conduct when estimating methane emissions from the hard coal system in Poland is as follows:
1. Determination of sources of methane emission (emitters) from the system.
2. Analysis of accessibility and collecting of necessary data.
3. Refining the methodology of methane emission estimation from individual emission sources. Calculation of emission factors from determined emission sources.
As necessary, for the development of the methodology of emission estimation from the hard coal system, the following basic data were adopted:
-quantity of coal output from individual mines [1] , -measurement results of residual methane content of mines [12] ,
-measurement results of absolute methane content, quantity of methane capture by degasification systems as well as utilisation and losses of captured methane [1] , -quantity of production waste stored on the surface [2] , [17] and content of coal substance in production wastes (waste rocks) [12] .
According to Kwarciński [12] , the use of values of the methane content of mined coal seams in CMM mines considerably authenticates the methane emission estimation.
MODIFICATION OF THE METHODOLOGY OF METHANE EMISSION ESTIMATION CONNECTED WITH HARD COAL EXPLOITATION IN POLAND -HARD COAL SYSTEM
The estimation of methane emissions from individually identified sources was conducted separately, in an independent manner. All calculations were intended to determine the dependence coefficients of emissions from individually identified sources from the data: quantity of coal output and methane content of the mine. The absolute methane emission of a mine was adopted as the sum of ventilation emissions and that methane captured by methane drainage systems, which was acknowledged as capture of methane, which would be released into the atmosphere during exploitation.
Modification of the IPCC [10] methods of estimating methane emission from mining and post-mining systems of hard coal mines (active ones and abandoned ones) in Poland, assumes that the methane emission factor (EF) is calculated based on methane coal mine (CMM Coal Methane) output and actual values of absolute methane content.
Estimation of ventilation emissions E w for individual mines was performed based on the formula
where Q -hard coal output in the CMM Coal Mines (t), W e -ventilation emission factor (m 3 CH 4 /t of coal).
Estimation of methane emissions from methane drainage systems -is the adopted value of emissions of losses of captured methane, based on measurements carried out in mines. These emissions are also determined as the difference between the captured and utilised methane.
Estimation of methane emissions in post-exploitation processes was carried out independently:
• in mines, in which the average methane content of mined coal G k (m 3 /t) is higher or equal to the residual methane content, the quantity of methane emitted in post-exploitation processes (from 1 ton of coal) equal to the residual methane content was adopted,
• in mines, in which the average methane content of mined coal seam G k (m 3 /t) is lower than the residual methane content, the quantity of methane emitted in post-exploitation processes (from 1 ton of coal) equal to the average methane content of the mined seam was adopted.
Estimation of emissions from dumping sites of production waste was carried out similarly to the case of emissions in post-exploitation processes, taking into account the annual quantity of production wastes, adopting according to Kwarciński (2005) [12] the average content of coal substance in production wastes (15%) and the methane content of the organic substance.
The range of data applied in the newly proposed methodology of the present study, for estimation of methane emissions from the hard coal system, taking data from the mine concerned. The range and sources of the information considered and measurement results are as follows:
1. The quantity of methane from ventilation systems, given annually by every hard coal mine (in m 3 CH 4 /year) was adopted based on data presented in the Annual Report [1] .
2. The quantity of methane captured in the mine, given annually by every hard coal mine in m 3 CH 4 /year) was adopted based on data presented in the Annual Report [1] .
3. The quantity of methane emitted into the atmosphere from methane drainage systems, given annually by every hard coal mine (in m 3 CH 4 /year) was adopted based on data presented in the Annual Report [1] .
4. The residual methane content was adopted (according to Kwarciński) [12] with reference to mines, in which exploitable methane resources were calculated, based on data from the literature, or by analogy with neighbouring mines (m 3 CH 4 /t pcs). 5. The quantity of generated and mined mineral wastes is given annually by every hard coal mine (ton). The production waste originating during hard coal exploitation, in conformity with the Law of 27 April 2001 on wastes (Journal of Laws of the Republic of Poland No 62, item 628) must be recorded and in an annual cycle reported to the territorially appropriate Marshal of the Local Government Assembly. These data are generally accessible [2] , [18] .
In accordance with the Order of the Minister of Environment of 27 September 2001, waste originating during exploration, extraction, physical and chemical processing of ores and other minerals, correspond to waste group 01. The hard coal mining industry contributes the following types of wastes to this group:
• 01 01 02 -wastes from mining of minerals other than metal ores, • 01 04 12 -wastes originating during washing and purification of minerals other than those mentioned in 01 04 07 and 01 04 11,
• 01 04 81 -wastes from coal flotation other than that mentioned in 01 04 80. 6. Yearly average temperature of ventilation air (return air) measured in the point of volume measurement. Because of the lack of data from direct measurements, a temperature equal to 30 °C was adopted (according to Kwarciński) [12] .
7. The yearly average temperature of mine gas emitted from methane drainage systems is measured at the point of its volume measurement. Because of the lack of data from direct measurement, a temperature equal to 30 °C was adopted (according to Kwarciński) [12] .
8. The quantity of hard coal exploitation (Q, tons) was adopted based on data presented in the Annual Report [1] .
9. The methane content (average) of mined coal seams was adopted (according to Kwarciński) [12] , based on results of measurements carried out during development operations (driving of roadway excavations in coal) (m 3 CH 4 ).
The regulations of the mining law state: "investigations for the determination of methane content of natural origin (methane content of coal seams) in coal in roadway excavations driven in coal seams should be carried out at distances not exceeding 200 m and additionally at the distance not exceeding 25 m from ascertained geological disturbances or other disturbances". To conform to these regulations, the measurements are carried out (most often) during the driving of excavations in coal (roadways, drifts), frequently a considerable time before any exploitation is undertaken (most often using the longwall system). However, it should be stressed that the adoption of these methane content measurements takes into account (at least partly) the influence of degasification (methane drainage) of currently mined seams, caused by the exploitation of neighbouring seams. For calculations, the average arithmetical methane content of the mined seam (within the range of conducted exploitation in the analysed year), or in the case of high changeability, of individual deposit parts or even mined longwalls should be assumed.
10. Average values of coal quality (ash content, total moisture content), applied for the conversion of the quantity of mined coal into pure coal substance, were adopted based on results of analyses carried out in the mined seam part. Ash and moisture content is given as a percentage (according to Kwarciński) [12] .
ESTIMATION OF METHANE EMISSIONS FROM MINING SOURCES OF THE HARD COAL SYSTEM
The methane quantity from ventilation systems (E w ) is estimated based on data made accessible through individual hard coal mines and specified in the Annual Report [1] . Ventilation emissions from those mines that do indicate ventilation emissions were not estimated.
The methane quantity from methane drainage (degasification) systems is calculated based on data given through individual hard coal mines and specified in the Annual Report [1] .
Emissions from the methane drainage systems (E o ) of each of the mines, where methane drainage is conducted (otherwise called loss emissions), are calculated as the difference of the quantity of captured methane (M ui ) and the quantity of utilised methane (M wi ) or burnt
The final value of methane emissions from ventilation and degasification systems is obtained after the conversion of reported individual mines values of methane emissions in standard conditions (293 °K). This conversion is carried out using the formula Methane emissions from mined-out coal in postexploitation processes are estimated separately for each mine in each of the analysed years. Methane emitted in post-exploitation processes was estimated with the application of hitherto used methodology, which assumes emissions on the surface exclusively of residual methane, at the same time the value of residual methane content was adopted based on data from the work of Kwarciński [12] .
As in the methodology used hitherto, according to the mutual relationship of the average methane content of the given coal seam (G pk , m 3 /t pcs) and value of residual methane content (G r , m 3 /t pcs): -in seams (parts of seams), in which the average methane content of the given coal seam (G pk , m 3 /t pcs) is higher or equal to the residual methane content (G r , m 3 /t pcs), the quantity of emitted methane in surface processes (e pko , m 3 ) is calculated according to the following formula
where M w -mass of mined out coal (million t), W -average content of total moisture (%), A -average ash content (%).
-in seams (parts of seams), in which the average methane content of the given coal seam (G pk , m 3 /t pcs) is lower than the residual methane content (G r , m 3 /t pcs), the quantity of emitted methane in surface processes (e pk1 , m 3 ) is calculated according to the formula
where M w -mass of mined out coal (million t), W -average content of total moisture (%), A -average ash content (%). Methane emitted in post-exploitation processes was estimated based on experimentally obtained relationships of methane emissions from coal samples in relation to the average methane content of the mined coal. This relationship assumes, in accordance with investigation results, that coal on the surface may still contain dynamically desorbable methane, as well as deeper degasification of coal below the residual methane content taking place in underground excavations and incomplete emissions of residual methane on the surface. The quantity of methane emissions from the analysed seam (e pkn ) can be determined as e pkn = M w ⋅ (100 -W -A)/100 ⋅ (0.2144177 ⋅ G pk ). (7) The final estimated value of methane emissions from the mined coal seam (part of seam) is defined through the arithmetic mean of these two results.
e pk = (e pko + e pkn )/2.
Methane emission from the entire mine (E pk ) is the sum of emissions from individual coal seams (parts of seams), while the emission factor from coal in postexploitation processes (W ep ) for individual mines is calculated from the formula
Production wastes mined out during hard coal exploitation and originating during the processes of mechanical preparation and upgrading contain coal substance. Analogously to methane emissions in postexploitation processes, the procedure of estimation of emissions from production wastes should concern the methane contained in the coal substance.
Methane contained in pores (fractures of waste rocks) in the form of free gas and the majority of sorbed methane will emit into mine workings underground; it is a component of ventilation emissions.
The procedure of assessment of the methane quantity emitted from production wastes (E eso ) in hard coal mines is based on the relationship:
where E eso -methane quantity emitted from production wastes (million m 3 ) S o -mass of originated mineral wastes (million t/year), B -share of coal substance (coal) in wastes (% by weight), W ep -emission factor from coal in post-exploitation processes (m 3 / t pcs).
For the requirements of the present study, a content of coal substance of 15% was adopted (according to Kwarciński) [12] .
The assessment of methane emissions from production (mineral) wastes was carried out with reference to all hard coal mines, based on determined post-exploitation emission factors from hard coal ( Table 2 ). The quantity of production waste generated in hard coal mines between 2001-2010 was obtained from Statistical Yearbooks and from Environmental Protection [2] , [18] . The inventory of methane emissions in Polish hard coal mines has identified that the hard coal system generates methane from four sources. On that basis, the following division has been carried out on methane emissions from coal output processes (ventilation emissions and from degasification systems) and emissions from post-mining processes (emissions from post-mining processes and emissions from postproduction wastes). During the period 2001-2010, the measurement of methane emissions from mines also concerned an abandoned mine (Niwka-Modrzejów colliery) and therefore, the quantity and share of Table 3 , the estimation of emissions from the hard coal system for individual years has been synthetically specified.
Based on the methodology proposed to estimate methane emissions in Polish coal mines in the inventory report of Task 1.4 project Lowcarb, a final collation of the obtained volumes (in accordance with IPCC 2006 guidelines) [10] was presented. As a result, the actual emission and methane indicator values for the Polish coal mining industry were obtained (see Fig. 2 ).
Despite a decrease in coal production between 2001-2010, since 2008, the average emission indicator from the hard coal system remains steady at a level of approx. 13 m 3 CH 4 /t. Obtained summary results of calculations of methane emissions in the Polish coal mining industry throughout the analysed period are within 433-493 Gg (avg. 468 Gg).
The main assumption of the calculations and methane emission inventory (Table 3) was the approach in accordance with IPCC 2006 and the use of country specific methods (Tier 2) [10] . A detailed analysis of methane emissions from coal mines in Poland shows that there is a significant difference between the total volume of production and the volume of production in methane mines only (Table 4) . That is why the analysis of variability coefficients of methane emission in hard coal mines in Poland be- It considered the total volume of production and the volume of production in methane mines as the basis for the analysis (Fig. 2) . In Table 4 , the value of total coal output and the value of coal output in methane mines were collected for each of the years 2001-2010 and assigned a variability coefficient. On that basis, it was concluded that taking into consideration output of methane coal mines the uncertainty of estimating methane emission activity decreases by approx. 29.4% [15] .
Based on the above data, all the calculations of methane emissions in Poland were made, taking as the basic value -production of hard coal only in methane coal mines.
Using the proposed methodology to estimate methane emissions in Polish coal mines, the final collation of the obtained values were achieved (Table 4) . The values meet IPCC 2006 [10] requirements but they are based on actual data from methane coal mines. The differences in estimating methane ventilation emissions in Polish coal mines are a result of the difference between the actual value of methane ventilation emissions in Polish coal mines and the value calculated according to IPCC 2006 (Table 5 ). The value of the emission factor in both cases is identical.
From the above calculations, the relative error in predictions of methane emission estimation in coal 
CONCLUSIONS
In general, it is necessary to assume that the IPCC [10] guidelines are appropriate to assess methane emissions. However, it is necessary to emphasise that the estimation method refers only to the methane coal mines output and is based on the measurements of methane content. The data are based on the uncertainty of estimating methane emission activity. The average value of uncertainty of methane emission activity decreased by approximately 29.4% when it was calculated with the output of methane coal mines instead of total output.
Updating the proposed methods (IPCC 2006) for estimating methane emissions from mining and postmining processes of hard coal mines (active ones and abandoned ones) in Poland, assumes that the methane emission factor (EF) is calculated based on methane coal mine output and actual values of absolute methane content (11) .
In Fig. 3 , a summary distribution of emission factors (for four sources) between 2001-2010 from methane coal mines in Poland is presented. It shows a trend in agreement with the distribution of a linear function of fitness R 2 = 0.989. The result of verifying the method of estimating methane emissions for Polish coal mines is the equation of the methane emission factor in the following form (Fig. 3) EF = -0.0046 Q 2 + 0.3184 Q + 9.4936 (11) where EF -Emission Factor, m 3 /ton, Q -Hard Coal Output in the CMM Coal Mines, million tons.
Estimated emission factor (EF) of the methane emission indicator according to the exploitation from the CMM Coal Mines, can be used as methodology of methane emission estimation. On this basis, you are likely to estimate the emission of methane in the subsequent years of coal mine exploitation.
